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Boiling is remarkably efficient heat transfer method and is commonly used in daily life and
industrial applications. Changing the physical and chemical structure of hot surface in some
methods such as producing porosity and improving wettability for boiling process enhancement
has become an interesting topic in recent decades. In this paper, porous metal micro/nano
structural surfaces are produced in order to augment boiling heat transfer on copper surface by
the one- and two-stage electrodeposition method. The pictures in micro and nanoscale are
captured to identify structure and surface characteristics as porosity and capillarity are
estimated. Next, the effects of structures in enhancing the pool boiling are measured
experimentally. Then, boiling heat transfer profiles that demonstrate heat flux versus wall
superheat are derived for water fluid. Pool boiling curves of enhanced surfaces are compared with
polished surface and results of other researchers to determine the efficiency improvement. 
Furthermore, comparison of the effect of electrodeposition process time on obtained structures
shows higher porosity, capillary and strength of structure with lower process time (30 sec) leads
to further enhancement of pool boiling.
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Fig. 1 Enhancement level of (a) heat transfer coef icient in T=5K and (b)
critical heat flux with micro/nanotechnology for pool boiling of water on
copper surface [6].  

1  )a ( T=5K ) b (
    [6].  

 

 .
        

          
            
  .  

[11]. 

 .

 . 
  .  [12]      

            1   
       .   127   

         
       . [13]     

100         -
      R-12 

HsuLiWebb Liaw

Arai
Nakayama

Ayub

Kandikar

Li

Weibel
Cooke

Yao

0

100

200

300

400

500

600

700

1970 1980 1990 2000 2010 2020

H
TC

 (k
W

/m
2K

)

Year

Microstructures
Superhydrophilic Coating
Nanowires
Linear (t)

Mankovskij
Nakayama

Bui
Liaw

Wang

Li

Li
Yao

Hsu

Weibel

Cooke

Kandlikar

16000
Kinetic limit

50

500

5000

1970 1980 1990 2000 2010 2020

CH
F 

(W
/c

m
2)

Year

Microstructures
Kinetic limit
Superhydrophilic Coating
Nanowires
Log. (Microstructures)

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.3

.1
 ]

 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

16
 ]

 

                               2 / 9

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.3.1
https://mme.modares.ac.ir/article-15-1193-fa.html


    

      

13941512  161  

 .          
 3         .

            
             .
         )0.33  1.2 
    (     72-FC  

[14].
15 

[15].-
   

PF-5060 .[16]    
           

       [17].   
             
         . 

 .

  

 .

  .
1

 .

   

2 - 
2 -1-    
2-1-1 -   

 ( )  
 ( ) )   .

 2 

 ( ) 
  .

 . 
 
 . 

  +2Cu  +H   
         

1- Scanning Electrone Microscope (SEM) 

  
)a(  

  
)b(  

Fig. 2 a) Schematic of electrode position setup b) Schematic of electrode
posited copper
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Table 1 Time and current parameters in fabrication of samples 
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Fig. Electrode position equipments
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Fig. 4 Schematic of pool boiling test setup
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Fig. 5 Dimension of copper block and boiling surface

5   

  
Fig. 6 Variation of uncertainty versus temperature and heat flux
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Fig. SEM pictures of two-stage porous structures in different
magnifications a) sample No.2 (30sec) b) sample No.4 (100sec)

7 SEM )  (30 
)  (  (100   

2    
Table 2 Mass of electrodeposited copper and thickness 

    
 (mgr)  21 191 68 240

(µm)6 61 22 77 
  

 .

 .
   

100  .

-
 .  

 .  

 .-

3-1-2 -   

 [20].          
          )11(   
    :

)11(  =
I t A
z F

 
) 12 (  

)12(  =

               
      

63.5 gr/mole96485 coulombs/mole2 
 2  .  

3-1-3 -   
              

             .  
  1-0      100%-0   .  )13 (  
      :  

3    
Table 3 Porosity estimation of samples and real thickness

                  
(%)   83  64  70  58  
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Fig. 8 Roughness characteristics of samples
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Fig. Pool boiling curve for porous and polished surfaces
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